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WeightAbstract Purpose: To gravimetrically analyze the tooth reduction associated with different com-
monly used preparation designs in relation to coronal and radical parts of the tooth.
Materials and methods: Eighty extracted permanent human teeth (four different morphologies)
were divided into eight groups according to tooth type and preparation design. Each specimen
underwent a pre- and post-preparation gravimetric analysis. The mass of the tooth that was
removed was analyzed. Descriptive statistics were used to compare the reduction in tooth mass
by weight percent. Student’s t-test was used to compare the mean percentages of tooth reduction
with a signiﬁcance level of P< .05.
Results: Signiﬁcant differences in tooth reduction were noted between different types of crown cov-
erage preparations. Complete-coverage (all-ceramic crown) preparations for mandibular ﬁrst pre-
molars required the greatest tooth reduction (40.01%). The least tooth reduction was associated
with maxillary central incisors undergoing a ceramic veneer preparation (20.19%).
Conclusion: Tooth preparations for all-ceramic crowns require greater tooth reduction relative to
ceramic veneers and onlays.
ª 2015 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In a contemporary dental practice, prosthodontists can replace
missing tooth structures or missing teeth with single crowns or
ﬁxed partial dentures (FPDs). A fundamental principle ofrestorative dentistry is the restoration of function and esthetics
with minimal biological risk. Less-invasive procedures are
associated with a lower incidence of endodontic complications.
Partial-coverage restorations are reportedly associated with a
decreased loss of pulp vitality compared with complete-cover-
age restorations. Data on the loss of vitality are limited in clini-
cal studies on veneer restorations. Peumans et al. reported
2.3% loss of vitality for teeth with ceramic veneers in a 5-year
clinical study.1 Kramer and Frankenberger reported that 2%
of ceramic inlays and onlays required endodontic treatment
after eight years.2 In a private setting involving 200 restora-
tions (inlays and onlays), Otto and Denisco reported a 7% rate
of endodontic-related problems at ten years.3 Follow-up stud-
ies for single full-coverage crown restorations indicated that
Figure 1 Sectioned cast with a transparent template.
2 A.F. Al-Fouzanendodontic complication rates vary from 3% after 5 years to
5% after 8 years.4–6 However, the rate of endodontic com-
plications with FPD abutments is reported to range from
3–4.1% after 5 years to 21% after 6 years.7–9
Although many clinicians believe that partial-coverage pre-
paration designs are much less invasive than full-coverage
crowns, there is insufﬁcient evidence in the literature support-
ing these ideas. An extensive search of the relevant literature
revealed few published studies10–14 related to the quantiﬁcation
of tooth mass that is removed during preparation but no of
them quantiﬁed both the coronal and radical portions of the
tooth after teeth preparation only. Therefore, the aim of this
study was to gravimetrically quantify the tooth reduction
associated with different tooth preparation designs in relation
to coronal and radical parts of the tooth. The null hypothesis
was that there is no difference in the tooth reduction between
partial and complete veneer preparations.
2. Materials and methods
This study examined eighty extracted human teeth that met the
following inclusion criteria: no visible defects, no restorations,
no caries, and no enamel malformations. Gross scaling was
performed to remove calculus deposits and soft tissue from
the selected teeth using an ultrasonic scaler (Sirona L,
Sirona, Bensheim Germany). Teeth were stored in a saline
solution (0.9% sodium chloride) at room temperature from
the time of extraction until the experiment to prevent
desiccation.
The specimens were divided into four groups according to
the type of tooth: maxillary central incisors, mandibular cen-
tral incisors, mandibular ﬁrst premolars, and maxillary ﬁrst
molars. Teeth were randomly distributed to the preparation
groups (eight groups), randomization was done with 80 opa-
que containers, (20 containers for each tooth morphology),
distributed randomly by blinded participant into two sub-
groups (crown or veneer, crown or onlay) for each tooth
morphology.
2.1. Pre-preparation gravimetrical measurement
An analytical scale (Mettler Toledo-PR503, Greifensee,
Switzerland) was used in this study to measure the weight of
the teeth before they were prepared.
As was described by Hussain et al., teeth were blotted for
10 minutes on absorbent paper towels before the analysis to
produce consistent mass measurements. Teeth were subse-
quently rehydrated before the preparation.13
2.2. Specimen preparation
Each specimen was aligned vertically in a polyvinyl chloride
(PVC) tube with an external diameter of 34 mm and a height
of 40 mm. The specimens were then embedded in dental plaster
(SHERAALBASTER, Sher Werkstoff Technologie Gmbh Co,
Lemford, Germany) 2 mm apical to the cementoenamel junc-
tion (CEJ). A dental surveyor (The J. M. NEY Company,
Yucapia CA, USA) was used to position the long axis of the
anatomical crown parallel to the tube.
When possible, the tooth preparations were controlled with
a transparent template (0.02000, Buffalo Dental ManufacturingCo., Ontario, Canada) and a scaled periodontal probe
(Williams SE Perio PROBE, Hu-Friedy Chicago, USA).
2.3. Template preparation
Four reference points were made on the top of the tube next to
the line angles of the tooth to guide the placement of the tem-
plate during the tooth preparation phase. These points were
made from acrylic resin (Bosworth Trim Plus, Temporary
Resin Acrylic, Bosworth Company, Skokie, USA).
Impressions for each tooth were made using irreversible
hydrocolloid impression material (Jeltrate Dustless, Dentsply
Intl, Milford, USA), and the impressions were ﬁlled by using
a type IV dental stone (Royal Rock; Talladium, Valencia, USA)
according to the manufacturer’s instructions. All of the casts were
trimmed (Handler Trimmer, Handler Manufacturing, New Jersey,
USA) and perforated with two perforations around the tooth
with a thin acrylic bur. A transparent template (0.02000,
Buffalo, Ontario, Canada) was constructed for each tooth with
a vacuum former (Easy-Vac, 3A MEDES, Gyeonggi-do,
Korea). All of the casts (with the templates) were removed
by using a precision low-speed saw (Isomet, Buehler, Ill.,
Lake Bluff, Illinois, USA) to retrieve the templates (Fig. 1).
2.4. Tooth preparations
All of the teeth were prepared by one clinician according to the
suggested guidelines for standardized preparation designs
(Table 1).11,12 The tooth preparations were performed by using
diamond rotary instruments at high speed. A list of the dia-
mond rotary instruments used for each preparation design is
listed in Table 2 (Fig. 2).
The preparations were then reﬁned, all sharp internal line
angles were removed, the pulpal and gingival ﬂoors were
smoothed, and the walls were ﬁnished with ﬁne diamond burs
at 40,000 rpm. All preparations were performed with copious
water irrigation (Fig. 3).
After the teeth were prepared, teeth were carefully removed
from the PVC by using an ultrasonic scaler (Sirona L, Sirona,
Bensheim Germany) to remove the plaster from the teeth.
Table 1 Guidelines for the preparation.11,12
Preparation
designs
Preparation guidelines
Porcelain veneer Design: Veneer with incisal overlap
Margin: 0.5 mm incisal from the CEJ
Finish line: Chamfer
Facial reduction: Cervical third: 0.3 mm
Middle third: 0.5 mm
Incisal third: 0.7 mm
Incisal clearance:
Maxillary central incisor: 2 mm
Mandibular central incisor: 1.5 mm
Lingual overlap: 1 mm
All-ceramic crown Finish line: Rounded shoulder
Margin: 0.5 mm incisal from the CEJ
Margin depth: 1 mm
Axial reduction: 1.5 mm
Incisal/occlusal clearance: 1.5 mm
Ceramic onlay Finish line: Chamfer
Margin: 0.5 mm occlusal to the CEJ
Occlusal isthmus depth: 2 mm
Occlusal isthmus ﬂoor width
Molar: 3 mm Premolar: 2 mm
Proximal box
Molar
(height) 5.0 · (width) 4.0 · 1.5 mm
(depth)
Premolar
(height) 5.0 · (width) 3.0 · 1.0 mm
(depth)
Occlusal reduction
1.5 mm (functional cusps)
1.0 mm (nonfunctional cusps)
Table 2 Armamentarium employed for preparation designs.
Tooth morphology Preparation design Bursa
Upper ﬁrst molar Ceramic crown 951KR-016
951KR-019
951KRF-017Lower ﬁrst premolar
951KRF-020
845KR-018
Upper central incisor Ceramic crown 951KR-016
951KR-019
951KRF-017
951KRF-020Lower central incisor
835KR-018
899-027
379-023
Upper ﬁrst molar Ceramic onlay 951KR-016
951KR-019
951KRF-017
Lower ﬁrst premolar 878KG-016
878KF-016
845KR-018
Upper central incisor Ceramic veneer 878KG-016
878KF-016Lower central incisor
835KR-018
a Manufactured by Drendel + Zeweiling, Germany
Gravimetric tooth structure removed and preparations designs 3Subsequently, all of the teeth were weighed again to determine
their post-preparation weight.
2.5. Gravimetric analysis
The weight was calculated as follows
Weight of the reduced tooth structure ¼ ðweight of the tooth before preparation
 weight of the tooth after preparationÞ
=weight of the tooth before preparation
 100 ¼ percentage of tooth structure reduction:Figure 2 Diamond rotary instruments used in the study.2.6. Statistical analysis
Descriptive statistics were used to analyze the percent of tooth
mass reduction. Student’s t-test was used to compare the mean
tooth reduction among the different types of preparation and
different teeth types, and a P value <0.05 was considered sta-
tistically signiﬁcant.
3. Results
Table 3 summarizes the mean percentage values and SDs of
the tooth reduction associated with each preparation design.
The complete-coverage preparation design (all-ceramic crown)
for the mandibular ﬁrst premolars exhibited the highest per-
centage (40.01%± 5.35%) of structure reduction, and the
lowest percentage of tooth reduction was associated with the
partial-coverage preparation design (ceramic veneer) forFigure 3 All – ceramic crown preparation (upper ﬁrst molar).
Table 3 Mean values and standard deviations of tooth reduction associated with different preparation designs.
Preparation designs N Mean Std. deviation Minimum Maximum Mean diﬀerence 95% conﬁdence interval of the
diﬀerence in the mean
P value
Lower bound Upper bound
MCC 10 36.49 8.96 17.50 53.08 13.42 6.34 20.49 .002
MCV 10 23.07 3.85 17.17 30.19
MXMC 10 28.33 4.33 23.04 37.11 7.35 4.06 10.64 .001
MXMO 10 20.99 4.87 11.11 29.83
MPC 10 40.01 5.35 28.54 48.91 16.81 13.55 20.07 <.000
MPO 10 23.20 2.93 18.14 27.47
MXCC 10 30.41 6.82 15.80 37.13 10.22 3.90 16.54 .005
MXCV 10 20.19 8.02 3.80 36.39
MCC: mandibular central incisor, all-ceramic crown.
MCV: mandibular central incisor, ceramic veneer.
MXMC: maxillary ﬁrst molar, all-ceramic crown.
MXMO: maxillary ﬁrst molar, ceramic onlay.
MPC: mandibular ﬁrst premolar, all-ceramic crown.
MPO: mandibular ﬁrst premolar, ceramic onlay.
MXCC: maxillary central incisor, all-ceramic crown.
MXCV: maxillary central incisor, ceramic veneer.
Table 4 Comparison of tooth reduction associated with the same tooth preparation design between different teeth types.
Preparation designs N Mean Std. deviation Minimum Maximum Mean diﬀerence 95% conﬁdence interval of the
diﬀerence of mean
P value
Lower bound Upper bound
MCC 10 36.49 8.96 17.50 53.08 6.08 3.7 15.87 0.194
MXCC 10 30.40 6.81 15.80 37.13
MXMC 10 28.33 4.33 23.04 37.11 11.68- 17.94 5.41 0.002
MPC 10 40.01 5.35 11.11 29.83
MXMO 10 20.99 4.87 11.11 29.83 2.22 6.89 2.45 0.310
MPO 10 23.20 2.93 18.14 27.47
MCV 10 23.07 3.85 17.17 30.19 2.88 3.50 9.27 0.333
MXCV 10 20.19 8.02 3.80 36.39
MCC: mandibular central incisor, all-ceramic crown.
MCV: mandibular central incisor, ceramic veneer.
MXMC: maxillary ﬁrst molar, all-ceramic crown.
MXMO: maxillary ﬁrst molar, ceramic onlay.
MPC: mandibular ﬁrst premolar, all-ceramic crown.
MPO: mandibular ﬁrst premolar, ceramic onlay.
MXCC: maxillary central incisor, all-ceramic crown.
MXCV: maxillary central incisor, ceramic veneer.
4 A.F. Al-Fouzanmaxillary central incisors (20.19%± 8.02%). The percent
reduction was signiﬁcantly higher for the complete-coverage
design compared to the partial-coverage design.
Table 4 shows the difference between posterior and anterior
teeth receiving the same preparation design. The percent
reduction was signiﬁcantly higher for maxillary ﬁrst molar
compared to mandibular ﬁrst molar receiving ceramic onlay
preparation.4. Discussion
The null hypothesis of this study was rejected after the weight
of the removed tooth was measured. The present study
suggests that partial-coverage designs offer a tremendousadvantage over complete-coverage preparations. Even when
the analysis included the coronal and radical portions of the
tooth, the difference in tooth reduction between partial-
coverage designs and all-ceramic crown preparations remained
statistically signiﬁcant. Few studies in the literature have
attempted to quantify the tooth reduction associated with
endodontic and restorative procedures. Edelhoff and
Sorensone quantiﬁed and compared the tooth weight for the
anatomical crown only of acrylic resin typodont teeth with dif-
ferent preparation designs. The authors reported that there
were signiﬁcant differences in the amount of tooth that was
removed using different preparation designs.11,12 There was a
signiﬁcant difference between the tooth reduction associated
with complete- and partial-coverage preparation designs,
which was similar to the ﬁndings of other studies.10,13,14
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ing endodontic and restorative procedures. The authors mea-
sured the tooth weight for only for anterior teeth during
endodontic therapy and after preparation for porcelain lami-
nate veneers or metal ceramic crowns.13 Murphy et al. mea-
sured the volume of endodontically treated molars (clinically
crown only) after partial-coverage preparations in vivo and
compared the volume with full-coverage crown preparations
that were made on replicating dies for the remaining tooth
after the completion of partial-coverage preparations.14
Al-Fouzan and Tashkandi quantiﬁed the volume of the
removed structure from anatomical crown of anterior and pos-
terior natural teeth10. All the previously mentioned studies
measured the difference of removed tooth structure between
partial and complete coverage preparation designs in regard
to coronal part of the tooth except Hussain et al who measure
the weight of the coronal and radical parts together but in
endodontic treated teeth, there was a statistical signiﬁcant dif-
ference between partial and complete coverage preparation for
the aforementioned studies which is in agreement with the
present study.
Teeth type may affect the percentage of tooth structure
removal and this in agreement with Hussain et al.13 Amount
of teeth weight before preparation may affect the percentage
of tooth structure removed.
To obtain clinically relevant results, extracted human teeth
were used. During the specimen selection, strict selection cri-
teria were applied, and signiﬁcant effort was taken to eliminate
teeth with erosion, attrition and visible cracks.
The specimens were completely randomized into prepara-
tion groups. The mean tooth weight prior to preparation did
not vary between the preparation groups, suggesting that the
minimal discrepancies in the size of the natural teeth did not
affect the results because there was no signiﬁcant difference
between teeth type groups before the preparations.
The guidelines that were used for the tooth preparations
were for ideal situations. Only the speciﬁc requirements of
the restorative material were considered as a factor for tooth
structure removal. In vivo, the health of the tooth, esthetics,
function, tooth orientation, and reconstruction of the occlu-
sion may affect the ﬁnal preparation design.15–17
Clear templates and periodontal probes were used to con-
trol the tooth preparations. Each tooth was embedded beyond
the CEJ; thus, adapting the template to the tooth was challeng-
ing. As a result, the template was constructed on a duplicate
cast of each tooth with vent holes near the tooth surface,
and the duplicate cast was subsequently sectioned to retrieve
the template. Clinically, the preparation should be guided by
a template that is custom-fabricated and is based on the
diagnostic wax-up. This procedure economizes the removal
of tooth material and ensures a consistent thickness of the ﬁnal
restorative material. An advantage of a clear template over the
silicon index is that all of the tooth surfaces can be seen and
measured through the template, and the clear template can
be used to fabricate the temporary restoration.18–21
The limitation of this study is only two preparation designs
(partial and complete coverage) were used for each of tooth
morphology (four different teeth morphology) in the present
study. Suggestion is to measure the removed tooth structure
of by using different preparation designs on different teeth
morphologies and also by using new methods of quantifying
removed tooth structure.5. Conclusion
Within the limitations of this study, the following conclusions
can be drawn:
1- The tooth mass that was removed during the prepara-
tion varies according to the preparation design.
2- The complete-coverage preparation design (all-ceramic
crown) for the mandibular ﬁrst premolars exhibited
the highest percentage of structure reduction.
3- The lowest percentage of tooth reduction was associated
with the partial-coverage preparation design (ceramic
veneer) for maxillary central incisors. The percent reduc-
tion was signiﬁcantly higher for the all complete-cover-
age designs evaluated in this study compared to the
partial-coverage design.
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